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(57) ABSTRACT

In an optical communications network using bandwidth
variable wavelength switching, routing and spectrum assign-
ment for a traffic request for x sub-carriers of a super-
channel, involves checking for an existing super-channel
having sufficient potential sub-carriers not currently active.
If not found, then possible paths for a new super-channel are
identified and a path is selected and sub-carriers assigned.
By trying first to use inactive potential sub-carriers of an
existing super-channel, fewer super channels overall are
needed, and thus fewer super transponders are needed. This
can reduce blocking probabilities and can reduce capital
costs. The search for possible paths can try to avoid or
reduce overlap with spectrum of existing super channels, or
compare possible paths by weighting according to amounts
of overlap.
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ROUTING FOR SUPER CHANNEL FOR
BANDWIDTH VARIABLE WAVELENGTH
SWITCHED OPTICAL NETWORK

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a National stage of International Appli-
cation No. PCT/EP2012/066029, filed Aug. 16, 2012, which
claims priority to EP Application No. 12178061.3, filed Jul.
26, 2012, which are hereby incorporated by reference.

FIELD

The present invention relates to methods of routing and
spectrum assignment for a traffic request of x sub-carriers of
a super-channel in an optical communications network, to
nodes for such optical communications networks capable of
bandwidth variable wavelength switching, to routing and
spectrum assignment servers for such optical communica-
tions networks, and to corresponding computer programs.

BACKGROUND

Future networks are expected to support service upgrades
to transmission rates of 100 Gb/s and beyond. Super-
transponders (supporting multi-carrier super-channels)
coupled with advanced multi-level modulation formats and
bandwidth variable wavelength selective switches (BV-
WSS) have become crucial elements for future spectral
efficient networks. A super-channel represents an ultra high
aggregate capacity channel carrying multiple sub-carriers
which are co-routed through the network from the source to
the destination.

Sub-carriers of a super-channel may require to be con-
tiguous in the spectrum for technological reasons. Sub-
carriers of a super-channel may or may not share a portion
of spectrum resource with adjacent sub-carriers of the same
super channel, i.e. they may or may not be superposed. A
super-transponder is composed by a limited number M of
sub-carriers. In the case that all the sub-carriers are acti-
vated, the super-channel experiences the maximum bit-rate.
However, because of traffic dynamicity, the maximum bit-
rate may be unnecessary and some sub-carriers may not be
used (thus, possibly decreasing the power consumption),
therefore not occupying network resources.

SUMMARY

Embodiments of the invention provide improved methods
and apparatus. According to a first aspect of the invention,
there is provided a method of routing and spectrum assign-
ment for a traffic request of x sub-carriers of a super-channel
in an optical communications network having nodes for
bandwidth variable wavelength switching, involving check-
ing whether there is an existing super-channel having the
same source and destination, and having sufficient potential
sub-carriers for the traffic request which are not currently
active, and related link resources (i.e., spectrum) are avail-
able. If so, there are steps of selecting and assigning x of the
potential sub-carriers for the traffic request. Otherwise, if
sufficient such potential sub-carriers are not found, then
there are steps of identifying possible paths for a new
super-channel having at least x sub-carriers for the traffic
request, and selecting a path for the new super-channel from
the possible paths and assigning x sub-carriers of the
selected path for the traffic request.
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A benefit of trying first to use inactive sub-carriers of an
existing super-channel is that fewer super channels overall
are needed, and thus fewer super transponders are needed.
This can reduce blocking probabilities and can reduce
capital costs. See FIGS. 1 and 3 for example.

Any additional features can be added or disclaimed. Some
such additional features are described in more detail. One
such additional feature is the step of identifying possible
paths for a new super-channel comprising identifying pos-
sible unreserved paths having x sub-carriers available and
not overlapping with potential sub-carriers for other super-
channels on any part of the possible paths. By seeking non
overlapping light paths some frequency overlapping of
super-channels can be avoided and thus there can be better
use of resources. This matters since such overlap is likely to
be for a small proportion of the links of a given super-
channel, yet prevents that super-channel from using more of
its possible bandwidth along the entire length of that super-
channel. Therefore it can enable an increase in the average
utilization of bandwidth of the super-channels and thus more
efficient use of super transponders at ingress and egress.
Thus, overall, fewer super transponders are needed for a
given amount of traffic. Thus capital costs can be reduced.
See FIG. 4 for example. Moreover, resources are not over-
reserved.

Another such additional feature is the steps, if no possible
unreserved paths are found, of identifying overlap paths
which make use of sub-carriers reserved as potential sub-
carriers for other super-channels, and selecting a path from
the identified overlap paths. By making use of such overlap
paths only after trying for unreserved paths, the use of
resources can be improved and blocking reduced. See FIG.
5 for example.

Another such additional feature is the step of identifying
possible paths for a new super-channel comprising identi-
fying paths with potential sub-carriers (for other super-
channels) overlap, and selecting a path from the identified
overlap paths. This alternative, which does not distinguish
between unreserved and overlap paths is also useful in
combination with the first step of trying to use existing
super-channels. See FIG. 5 or 6 for example.

Another such additional feature is the step of assigning
spectrum for the x sub-carriers of the super-channel along
the selected path. See FIG. 3 for example.

Another such additional feature is the step of selecting
from the identified possible paths having a step of selecting
according to how much frequency overlap they have with
existing super-channels. This can help reduce the overall
amount of overlap and thus make better use of resources.
See FIG. 8 for example.

Another such additional feature is the step of selecting
according to how much overlap they have by assigning a
link weight to each frequency slice for each link, according
to how close they are to an active sub-carrier of the same
super-channel. This can enable accurate assessment of how
much frequency overlap there is. See FIGS. 9 and 10 for
example.

Another such additional feature is the step of summing the
link weights along a respective one of the overlap paths, to
provide a path weight of that overlap path. This can also
enable accurate assessment of how much frequency overlap
there is. See FIGS. 9 and 10 for example.

Another such additional feature is the step of summing the
path weights for all the sub-carriers of a respective one of the
overlap paths, to provide a total weight, and having the step
of selecting from the overlap paths according to their total
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weights. This can also help enable accurate assessment of
how much frequency overlap there is. See FIGS. 9 and 10
for example.

Another such additional feature is the step of assigning
spectrum comprising selecting available sub-carriers
according to a first fit method. This is a relatively simple
step, particularly suitable if there is no need to use potential
sub-carriers reserved for some of the links by other super-
channels. See FIG. 11 for example.

Another such additional feature is the step of assigning
spectrum comprising selecting potential sub-carriers accord-
ing to the path weights. This can help limit the overall
amount of frequency overlap. See FIG. 11 for example.

Another such additional feature is the x sub-carriers
having contiguous frequencies. See FIGS. 2 and 10 for
example.

Another such additional feature is the selecting of a path
from the identified possible paths comprising selecting
according to how many different possible combinations of
sub-carriers each of the possible paths has. This can help
avoid congesting particular links, and thus help reduce a
blocking probability. See FIG. 12 for example.

Another aspect provides a node for an optical communi-
cations network capable of bandwidth variable wavelength
switching, having an interface configured to receive a traffic
request of x sub-carriers of a super-channel, transponders
and bandwidth variable wavelength selective switches con-
figured to implement super-channels having sub-carriers,
and a processor and memory. These are configured to check
whether there is an existing super-channel having the same
source and destination, and having sufficient potential sub-
carriers which are not currently active, and for which
spectrum resources are available, for the traffic request, and
if so, to control the transponders and bandwidth variable
wavelength selective switches to select and assign x of the
potential sub-carriers for the traffic request. The processor
and memory are configured so that otherwise, if sufficient
such potential sub-carriers are not found, they are configured
to identify possible paths for a new super-channel having at
least x sub-carriers for the traffic request, and to select a path
for the new super-channel from the possible paths and to
assign x sub-carriers of the selected path for the traffic
request.

Another such additional feature is the node being config-
ured to carry out routing and spectrum assignment operation
internally for the traffic request. See FIGS. 1 and 14 for
example.

Another such additional feature is the node being config-
ured to request a centralized routing and spectrum assign-
ment server to carry out routing and spectrum assignment
externally for the traffic request. See FIGS. 1 and 13 for
example.

Another aspect of the invention provides a routing and
spectrum assignment server for an optical communications
network capable of bandwidth variable wavelength switch-
ing. The server has interfaces with nodes of the network
having transponders and bandwidth variable wavelength
switches configured to receive a traffic request of x sub-
carriers of a super-channel, and a processor and memory.
These are configured to check whether there is an existing
super-channel having the same source and destination, and
having sufficient potential sub-carriers which are not cur-
rently active, and for which the spectrum resources are
available for the traffic request, and if so, to select and assign
x of the potential sub-carriers for the traffic request, and to
communicate the selection and assignment to one or more of
the nodes. The processor and memory are configured so that
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otherwise, if sufficient such potential sub-carriers are not
found, they are configured to identify possible paths for a
new super-channel having at least x sub-carriers for the
traffic request, and to select a path for the new super-channel
from the possible paths and to assign x sub-carriers of the
selected path for the traffic request, and to communicate the
selection and assignment to one or more of the nodes.

Another aspect of the invention provides a computer
program having instructions which when executed by a
processor cause the processor to carry out a method of
routing and spectrum assignment for a traffic request of x
sub-carriers of a super-channel in an optical communica-
tions network. See FIGS. 1 and 13 for example.

Any of the additional features can be combined together
and combined with any of the aspects. Other effects and
consequences will be apparent to those skilled in the art,
especially over compared to other prior art. Numerous
variations and modifications can be made without departing
from the claims of the present invention. Therefore, it should
be clearly understood that the form of the present invention
is illustrative only and is not intended to limit the scope of
the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

How the present invention may be put into effect will now
be described by way of example with reference to the
appended drawings, in which:

FIG. 1 shows a schematic view of a network having a
node according to an embodiment,

FIG. 2 shows a frequency spectrum for sub-carriers of a
super channel,

FIG. 3 shows a method according to an embodiment,

FIGS. 4, 5 and 6 show finding possible paths according to
embodiments,

FIG. 7 shows a frequency spectrum for sub-carriers of
overlapping super channels,

FIGS. 8 and 9 show method steps showing ways of
selecting a path according to embodiments,

FIG. 10 shows a frequency spectrum for sub-carriers
showing calculated weights for different frequency slices,

FIG. 11 shows steps in selecting sub-carriers according to
an embodiment,

FIG. 12 shows a step of selecting from the possible paths
according to an embodiment,

FIG. 13 shows a schematic view of a centralized RSA
server according to an embodiment, and

FIG. 14 shows a schematic view of a node according to
an embodiment using internal RSA.

DETAILED DESCRIPTION

The present invention will be described with respect to
particular embodiments and with reference to certain draw-
ings but the invention is not limited thereto but only by the
claims. The drawings described are only schematic and are
non-limiting. In the drawings, the size of some of the
elements may be exaggerated and not drawn to scale for
illustrative purposes.

DEFINITIONS

Where the term “comprising” is used in the present
description and claims, it does not exclude other elements or
steps and should not be interpreted as being restricted to the
means listed thereafter. Where an indefinite or definite

article is used when referring to a singular noun e.g. “a” or
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“an”, “the”, this includes a plural of that noun unless
something else is specifically stated.

Elements or parts of the described nodes or networks may
comprise logic encoded in media for performing any kind of
information processing. Logic may comprise software
encoded in a disk or other computer-readable medium
and/or instructions encoded in an application specific inte-
grated circuit (ASIC), field programmable gate array
(FPGA), or other processor or hardware.

References to nodes can encompass any kind of switching
node, not limited to the types described, not limited to any
level of integration, or size or bandwidth or bit rate and so
on.

References to software can encompass any type of pro-
grams in any language executable directly or indirectly on
processing hardware.

References to processors, hardware, processing hardware
or circuitry can encompass any kind of logic or analog
circuitry, integrated to any degree, and not limited to general
purpose processors, digital signal processors, ASICs,
FPGAs, discrete components or logic and so on. References
to a processor are intended to encompass implementations
using multiple processors which may be integrated together,
or co-located in the same node or distributed at different
locations for example.

References to a potential sub-carrier are intended to
encompass any non-active sub-carrier of an active transpon-
der supporting a super-channel. A potential sub-carrier does
not occupy resources, but could be activated if necessary,
utilizing the same super-transponder.

References to paths are intended to encompass routes
through the network, or light paths or optical paths and are
typically defined by at least a list of nodes along the path.

ABBREVIATIONS

DWDM Dense wavelength division multiplexing

RSA: routing spectrum assignment

N: number of nodes

L: number of links

M: maximum number of sub-carriers per super-transponder
w.’, w,°, w,*": weights

MaxWeightSlice: maximum weighted slice combinations

Introduction to Problems of Existing Methods

By way of introduction to the embodiments, how they
address some issues with conventional designs will be
explained. Super-channels are an evolution of DWDM in
which several optical carriers are combined to create a
composite signal of the desired capacity. With a traditional
routing and spectrum assignment (RSA) (e.g., exploiting
first-fit spectrum assignment), it may happen that a succes-
sive super-channel request is provisioned in the way that its
sub-carriers overlap in frequency (also called overlap in
spectrum) with the potential sub-carriers of another super-
channel along common links. In this case, the potential
sub-carriers cannot be activated because link resources are
occupied by another super-channel (super-channel overlap-
ping). Hence, blocking of traffic is experienced.

Introduction to Features of Embodiments

Some embodiments described below have two alternative
procedures (described as Excluded and Weighted), to help
minimize potential super-channel overlapping and to avoid
the over-reservation of network resources. For a given
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offered traffic the number of required super-transponders
and/or the blocking probability can be reduced. The two
alternative procedures are for the establishment of super-
channels accounting for sub-carrier dynamicity. The two
procedures try to avoid overlapping between (potential)
sub-carriers of different super-channels, as shown in FIG. 7,
without over-reserving link resources (i.e., frequency slices)
for potential (thus, non-activated) sub-carriers.

Avoiding the overlapping between potential sub-carriers
can increase the probability of finding available link
resources when new sub-carriers of a super-channel have to
be activated. At the same time, resources are not over-
reserved so that, anyhow, new super-channels can be pro-
visioned when the occupation of resources does not permit
to avoid super-channel overlapping. By limiting potential
super-channel overlapping, while avoiding over-reservation
of link resources, embodiments can help obtain low block-
ing probability and can reduce the number of required
super-transponders installed in the network.

FIG. 1 Network Having a Node According to an Embodi-
ment

FIG. 1 shows a schematic view of a network having a
node according to an embodiment. The network is an optical
communications network capable of bandwidth variable
wavelength switching. A number of nodes A to F are shown,
with links between them, there may be many more nodes in
a typical network. Node A is shown in more detail and has
a processor and memory 30, having an interface configured
to receive a traffic request of x sub-carriers of a super-
channel. The node has transponders and bandwidth variable
wavelength selective switches 40 configured to implement
super-channels having sub-carriers. These are controlled by
the processor 30 and memory which are configured to
respond to the new traffic request starting a routing proce-
dure. This can involve an external RSA server 20 or can be
carried out internally. In either case it involves checking
whether there is an existing super-channel having the same
source and destination, and having sufficient potential sub-
carriers which are not currently active, and for which
spectrum resource is available for the traffic request. If yes,
then the processor controls the transponders and bandwidth
variable wavelength selective switches to select and assign
X sub-carriers for the new traffic request.

The processor and memory are operable so that otherwise,
if sufficient such potential sub-carriers are not found, they
can identify possible paths for a new super-channel having
at least x sub-carriers for the traffic request, and to select a
path for the new super-channel from the possible paths and
to assign x sub-carriers of the selected path for the traffic
request. Again this can be done internally to the node in
some cases, or by using an external RSA server.

FIG. 2 Frequency Spectrum of a Super Channel

FIG. 2 shows a frequency spectrum for sub-carriers of a
super channel. In this case there are seven subcarriers shown
each spreading over two adjacent frequency slices, and each
subcarrier overlapping with adjacent ones so that there are
seven sub-carriers for eight slices. There can be many more
slices and sub-carriers in typical networks. In this case, the
super channel is partially used and sub-carriers 3 and 4 are
active. This leaves sub-carriers 1, 2, 5, 6, and 7. Of these
sub-carriers 1 and 2 are shown in FIG. 2 as “un” meaning
unavailable, which could be because some other super
channel (or any kind of channel) uses these frequency slices
over some links of the path where the two paths share the
same links. Sub-carriers 5, 6 and 7 are shown as “av”
meaning available. If a super-channel request composed of
X sub-carriers from source a to destination b is received, the
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processor tries to use a partially used super-transponder (i.e.,
co-routed resources). To do so, the partially used super-
transponder supporting a super-channel activated from a to
b along a path p: 1) must have X available sub-carriers; ii) the
frequency slices for the X sub-carriers, contiguous to the
ones in use by the super-channel, must be available along p.
Considering the example in FIG. 2, a super-channel is active
between a-b, using sub-carriers 3-4. The status (available—
av., unavailable—un.) of each slice along p is reported.
Assuming a new request of X=2, 5 sub-carriers in FIG. 4
could be used (1, 2, 5, 6, 7), but only slices related to
sub-carriers 5-7 are available along p. The new request can
use a partially used super-transponder (e.g., sub-carriers
5-6). If not possible (e.g., no super-channels active between
a-b, or no available link resources for potential sub-carriers),
the use of a new super channel is needed which means a
different transponder is required.

FIG. 3, Method of Routing According to an Embodiment

FIG. 3 shows steps according to an embodiment running
on the network of FIG. 1 for example. This embodiment has
steps of receiving 100 a request for RSA for x sub-carriers
from node A to node B. Next is a step of checking 103
whether there is an existing super-channel having the same
source and destination, and having sufficient potential sub-
carriers for the traffic request which are not currently active,
and for which there are link resources available. If yes, there
is a step 105 of selecting and assigning x of the potential
sub-carriers for the traffic request. Otherwise, if sufficient
such potential sub-carriers are not found, then there are steps
of identifying 107 possible paths for a new super-channel
having at least x sub-carriers for the traffic request, and
selecting 130 a path for the new super-channel from the
possible paths. At step 140 x sub-carriers of the selected path
are assigned for the traffic request. By trying first to use
inactive sub-carriers of an existing super-channel, fewer
super channels overall may be needed, and thus fewer super
transponders are needed. This can reduce blocking prob-
abilities and can reduce capital costs.

FIGS. 4, 5 and 6, Finding Possible Paths

FIGS. 4 to 6 show finding possible paths according to
some embodiments. Step 107 of identifying possible paths
for a new super-channel having at least x sub-carriers for the
traffic request can be implemented in various ways. This is
implemented in FIG. 4 by a step 110 of identifying possible
paths having x sub-carriers available for which there are
available spectrum resources and which does not overlap in
spectrum with potential sub-carriers for other super-chan-
nels on any part of the possible paths. This is followed by the
step 130 of selecting a path from the possible paths. By
seeking non overlapping light paths some frequency over-
lapping of super-channels can be avoided and thus there can
be better use of resources. This matters since such overlap is
likely to be for a small proportion of the links of a given
super-channel, yet prevents that super-channel from using
more of its possible bandwidth along the entire length of that
super-channel. Therefore it can enable an increase in the
average utilization of bandwidth of the super-channels. This
means a reduction in over reservation of link bandwidth, and
thus more efficient use of super transponders at ingress and
egress. Thus, overall, fewer super transponders are needed
for a given amount of traffic.

FIG. 5 shows an alternative implementation of identifying
possible paths for a new super-channel having at least x
sub-carriers for the traffic request. This has the same step 110
as shown in FIG. 4, and has a further step 120, if no possible
non-overlapping paths are found, of identifying overlap
paths which have spectrum resources available and which
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make use of spectrum which would be used by potential
sub-carriers for other super-channels, and selecting a path
from these identified overlap paths. This is followed by the
step 130 of selecting a path from the possible paths. By
making use of such overlap paths only after trying for non
overlapping paths, the trade off between efficient use of
resources and reducing blocking can be improved.

FIG. 6 shows another possible implementation. As in FIG.
5 there is the same step 110 and a further step 120, if no
possible non overlapping paths are found, of identifying
overlap paths which make use of sub-carriers which overlap
in spectrum with potential sub-carriers for other super-
channels, and selecting a path from the identified overlap
paths. This is followed by the step 130 of selecting a path
from the possible paths if some paths are found, and then
step 140 in which x sub-carriers of the selected path are
assigned for the traffic request. If no overlap paths are found
at step 120, there is a step 150 of rejecting the request.
FIG. 7, Spectrum of Overlapping Super Channels

FIG. 7 shows a frequency spectrum for sub-carriers of
overlapping super channels. This shows on the left an
existing super channel 3 having two active sub-carriers 6
and three potential sub-carriers 8. A new super channel is
shown overlapping in spectrum. The new super channel has
four active channels, two of which use spectrum resources
related to the potential subcarriers of the existing super
channel. This restricts the existing super channel and means
it cannot be expanded to use those potential sub-carriers.
Hence the precedures described aim to avoid or minimize
this illustrated overlap. This spectrum will be the same for
all links if the overlapping super channels share the same
path for the entire length of the path. In other cases where
the paths are shared for only some of the length of the paths,
the spectrum will differ for different links depending on
whether they are shared or not.
FIGS. 8, 9, Implementations of Step 130 of Selecting a Path

FIGS. 8 and 9 show method steps involved in different
ways of selecting a path according to embodiments. In FIG.
8, step 130 of selecting a path from the identified possible
paths involves step 134 of selecting according to how much
frequency overlap they have with existing super channels.

FIG. 9 shows a more detailed view of an implementation
of step 134, alternative implementations can be envisaged
for some or all of this implementation. In FIG. 9 step 134 of
selecting according to how much frequency overlap they
have with existing super channels has sub steps as follows.
Step 136 involves assigning a link weight to each slice (i.e.,
portion of the spectrum) for each link, according to how
close they are to an active sub-carrier of an existing super-
channel. A weight of zero may be given if the slice is not
within the spectrum of an existing super-channel. Then there
is a step of summing 137 the link weights along a respective
one of the overlap paths, to provide a path weight of that
overlap path. A step of summing 138 the path weights for all
the sub-carriers of a respective one of the overlap paths, to
provide a total weight for a given path selection, is followed
by a step 139 of selecting from the overlap paths according
to their total weights. This can help enable choosing a path
with no overlap, or if none are found, choosing a less or least
overlapped path. This can help enable a more accurate
selection to optimize how much overlap there is, to make
more efficient use of potential sub-carriers. If more use is
made of non overlapping spectrum by avoiding spectrum of
potential sub-carriers, then fewer new super channels are
likely to be needed when those existing super channels try
to expand their bandwidth and thus more efficient use is
made of transponders and costs can be reduced.
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FIG. 10, Spectrum Showing Weights Calculated for Each
Slice

FIG. 10 shows a frequency spectrum for sub-carriers
showing calculated weights for different frequency slices.
Two alternative procedures (called Excluded and Weighted)
will be described in relation to this figure and in respect of
a network composed of N nodes and L links. Each node is
equipped with BV-WSSs. Flexible grid is assumed consid-
ering an optical spectrum of 320 frequency slices of 12.5
GHz per link (an overall 4 THz bandwidth per link). Nodes
are also equipped with super-transponders, each one sup-
porting a super-channel composed by a set of sub-carriers. A
super-transponder can transmit a super channel having a
limited number M of sub-carriers.

A super-channel request composed of X sub-carriers from
source a to destination b is considered. Both Excluded and
Weighted procedures try to use a partially used super-
transponder (i.e., co-routed resources). To do so, the par-
tially used super-transponder supporting a super-channel
activated from a to b along a path p: 1) must have X available
sub-carriers; ii) the frequency slices for the X sub-carriers,
contiguous to the ones in use by the super-channel, must be
available along p. If no super-channels are active between
a-b, or if there are no available link resources for potential
sub-carriers, then a new super channel and thus use of a
different transponder is required.

When a different super-transponder is used, routing is
performed by selecting a path from a set P, of paths
connecting a-b. Assume that the request of X sub-carriers of
a new super-channel requires n slices. Excluded and
Weighted procedures are clarified with the example in FIG.
10, showing sub-carriers and potential sub-carriers of a
working super-channel (with M=7) traversing a generic link
e. The status of each slice s on link e is reported. To
provision a super-channel with a different super-transpon-
der, the two procedures differ as follows.

Excluded Procedure:

Routing (R): in a first step, the frequency slices in links
traversed by super-channels and belonging to potential sub-
carriers of those super-channels are considered as unavail-
able (slices 0-7 in FIG. 10 are all considered unavailable in
link e, even if available). Then, the maximum slice combi-
nations (MaxSlice) algorithm is run: the path within P, ,
maximizing the number of possible combinations of n
contiguous slices satisfying the continuity constraint along
the path is selected. If no path having n slices satistying the
continuity constraint is found, the frequency slices belong-
ing to potential sub-carriers of working super-channels are
considered as available and the MaxSlice is re-run. If no
path having n slices satisfying the continuity constraint is
found, the request is blocked.

Spectrum Assignment (SA): similarly as for routing, the
frequency slices belonging to potential sub-carriers are
considered as unavailable. The first available set of n con-
secutive slices (first-fit) satisfying the continuity constraint
along the path is selected. If n consecutive slices satisfying
the continuity constraint are not found, the frequency slices
belonging to potential sub-carriers of working super-chan-
nels are considered as available. If n consecutive slices
satisfying the continuity constraint are not found even in this
case, the request is blocked.

Weighted Procedure:

Weighted is based on weights assigned to slices. A weight
w,” is associated to each slice s of each link e. The minimum
weight zero is associated to the available slices which do not
cause overlapping with potential sub-carriers of working
super-channels (slices 8-11 in FIG. 10). Weights to available
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slices potentially causing overlapping with other sub-carri-
ers are given in a decreasing way, starting from W, while
getting far from active sub-carriers (as shown in FIG. 10,
w=W, w,=W-1, w2~ '=W-2). Then, a weight w,” is
associated to slice s of path p only if's satisfies the continuity
constraint. w,” is set as the sum of weights w,” for each e
belonging to p. In FIG. 10, a single-link path is assumed,
thus w*=w,’. Finally, the weight w,”” is computed on the
set of n contiguous slices starting from s, along path p. If at
least a slice within the set of n slice does not satisfy the
continuity constraint, w,*” is set to 0, otherwise w,”"=H-
Zc:j*”'lwpc, with (H>>W). In FIG. 10, a request of n=2
slices is assumed, thus, for instance, WPSZI’”:2:0 being slice
2 unavailable, w,*~>">=H-2W+1 being slices 5-6 in over-
lap with potential sub-carriers, and WPSZQ’"ZzzH being slices
9-10 outside the region of potential sub-carriers. The weight
w,””" linearly decreases with the number of times a slice
within the set of n slices overlaps with a potential sub-carrier
of other super-channels. w,*” is the maximum if all the
slices within the set do not overlap with any potential
sub-carrier.

Routing (R): a maximum weighted slice combinations
(MaxWeightSlice) algorithm is run: the path within P_,
maximizing the sum of w,™” for each slice s is selected. If
no path having n slices satisfying the continuity constraint is
found, the request is blocked.

Spectrum assignment (SA): the set of slots maximizing
w,*" s selected. Possible ties are broken by selecting the set
such that s has the lowest index (in FIG. 10, slices 8-9).
FIG. 11 Sub Carrier Selection

FIG. 11 shows steps in selecting sub-carriers according to
an embodiment, showing steps in implementing step 140 of
selecting x of the sub-carriers of the selected path and assign
them. Step 142 uses a first fit method to choose which of the
available sub-carriers along the selected path to use. If there
are not enough available sub-carriers, then step 144 involves
choosing from available sub-carriers having no spectrum
overlap and those having spectrum overlap with potential
sub-carriers of other super channels, based on path weights
calculated, as explained above. If still x sub-carriers cannot
be found, then the request is rejected at step 146. Otherwise
the x selected sub-carriers are assigned to the new traffic
request, the transponders and bandwidth variable wave-
length switches are set up and the traffic can be transmitted
along the path.

FIG. 12, Another Implementation of Selecting the Path

FIG. 12 shows a step of selecting from the possible paths
according to another embodiment. In this case, step 130 of
selecting a path from the identified possible path is imple-
mented by step 132. This involves selecting according to
which of the possible paths has a maximum number of
different combinations of sub-carriers. This can help avoid
congesting particular links, and thus help reduce a blocking
probability.

FIG. 13, Centralized RSA Server

FIG. 13 shows a schematic view of a centralized RSA
server 200 according to an embodiment. A processor 220 has
a memory storing a program 210 for running RSA algo-
rithms. The processor has access to a stored model 230 of
network topology, sub-carrier availability, and spectrum
availability (i.e. slices). An interface 240 is provided for
coupling the server to the nodes of the network. This enables
the RSA server to receive requests from nodes for routing to
be carried out. The RSA server can execute the procedures
set out above and can return resulting paths in the form of
lists of nodes and links and sub-carrier assignments.

FIG. 14, Node Having Internal RSA
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FIG. 14 shows a schematic view of a node according to
an embodiment using internal RSA. The processor and
memory 30 is coupled to a stored program 310 which
enables the processor to run the internal RSA algorithms,
which can be for example the procedures set out above
which can return a selected path in the form of a list of nodes
and links and sub-carrier assignments. To run these algo-
rithms the processor has access to a local store 330 storing
a model of network topology, sub-carrier availability, and
spectrum availability (i.e. slices). This helps to reduce the
need for communications bandwidth to pass requests and
results to and from a centralized RSA server. However it is
usually harder to keep distributed local models of the
topology and availability up to date. In any case the benefits
of the routing procedures described above are applicable to
both centralized and distributed network routing scenarios.
Comparisons of Four Different Algorithms

An example network topology was simulated with N=30
and [=55. Super-channels were composed of a maximum of
M=5 sub-carriers. Each node is equipped with 40 super-
transponders. Inter-arrival process of X=1 sub-carrier
requests (of four slices) were Poissonian, the holding time
following a negative exponential distribution with mean
5-10* s, with requests uniformly distributed among all node
pairs. P, , was composed of all paths within one hop from
the shortest path. Excluded and Weighted procedures as
described above were compared with two benchmark pro-
cedures called Unaware and Overloaded-Unaware. Both
Unaware and Overloaded-Unaware try to use potential sub-
carriers if possible, in contrast to Excluded and weighted
which first try to find sufficient unreserved sub-carriers
avoiding the potential sub-carriers. Otherwise the bench-
mark procedures are unaware of potential sub-carriers. Their
routing was MaxSlice. For both, spectrum assignment was
first-fit. Overloaded-Unaware, differs from Unaware, in that
it over-reserves resources for potential sub-carriers.

The blocking probability versus traffic load was noted for
varying inter-arrival time. Overloaded-Unaware experi-
enced the highest blocking probability because resources are
over-reserved even if sub-carriers are not used, thus link
resources are quickly consumed. Excluded and Weighted
obtained a blocking lower than Unaware because they were
more likely able to use active super-transponders preventing
their exhaustion. With Unaware, which does not consider the
potential sub-carriers among different super-transponders,
successive super-channel requests are likely provisioned
with overlapping among potential sub-carriers of different
super-channels. Weighted obtained lower blocking than
Excluded. Indeed, when overlapping cannot be avoided,
Weighted minimizes the amount of overlapping (maximizes
w,™"), thus a larger number of potential sub-carriers can be
activated.

The percentage of established requests that use potential
sub-carriers of active super-transponders was also recorded.
Weighted showed a higher percentage of reuse than
Excluded and Unaware because it minimized the amount of
overlapping. Overloaded-Unaware showed a higher percent-
age of reuse than Unaware, but link resources were wasted
(high blocking). At high loads, Overloaded-Unaware
obtained a higher reuse than the other procedures because it
establishes only potential sub-carriers, while new super-
channels are likely blocked. With the increase of load, the
percentage of super-transponder reuse decreased because the
M sub-carriers of super-transponders are more likely used or
the link-resources which avoid overlapping with potential
sub-carriers are busy.
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Table 1 shows the average number of super-transponders
in use, for some loads which guarantee a blocking lower
than 107>, With Weighted and Excluded a smaller number of
super-transponders are used than is the case with Unaware.
In particular, at 900 Erlang, Weighted and Excluded
obtained a reduction of 15-16% with respect to Unaware
under the stated conditions.

TABLE 1
Average number of used super-transponders in a simulation.
Unaware Excluded Weighted
700 Erlang 610 518.9 512.1
900 Erlang 768.2 666.4 644.5

Of course other results may be obtained for other embodi-
ments and other test conditions.

Benefits of some embodiments can include the following.
They can help reduce the number of super-transponders
installed in the network. They can help obtain higher
throughput (i.e., super-channel overlapping is avoided or
reduced and link resources are not wasted with over-reser-
vation). It can help save energy if fewer transponders are
used and if unnecessary sub-carriers are switched off. It can
be applied to both centralized and distributed network
scenarios, and is compatible with the recent evolution of the
G.694.1 ITU grid.

Other variations and embodiments can be envisaged
within the claims.

The invention claimed is:

1. A method of routing and spectrum assignment for a
traffic request of x sub-carriers of a super-channel in an
optical communications network having nodes for band-
width variable wavelength switching, the method compris-
ing:

checking whether there is an existing super-channel hav-

ing the same source and destination as in the traffic
request, and having sufficient potential sub-carriers for
the traffic request which are not currently active, and
for which link resources are available;

if so, selecting and assigning x of the potential sub-

carriers for the traffic request;

otherwise, if sufficient such potential sub-carriers are not

found, then identifying possible paths for a new super-
channel having at least x sub-carriers for the traffic
request; and

selecting a path for the new super-channel from the

identified possible paths and assigning x sub-carriers of
the selected path for the traffic request;

wherein identifying the possible paths for the new super-

channel comprises identifying possible non overlap-
ping paths having available link resources for x sub-
carriers and not overlapping in spectrum with potential
sub-carriers for other super-channels on any part of the
possible paths; and

wherein if no possible non overlapping paths are found,

identifying overlap paths using spectrum overlapping
with that of potential sub-carriers for other super-
channels, and wherein selecting the path for the new
super-channel comprises selecting from the identified
overlap paths.

2. The method of claim 1, wherein identifying the possible
paths for the new super-channel comprises identifying over-
lap paths using spectrum overlapping with that of potential
sub-carriers for other super-channels, and selecting a path
from the identified overlap paths.
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3. The method of claim 1, further comprising assigning
spectrum for the x sub-carriers of the new super-channel
along the selected path.
4. The method of claim 3, wherein selecting from the
identified overlap paths is performed according to how much
frequency overlap they have with existing super-channels.
5. The method of claim 4, wherein selecting according to
how much overlap they have comprises assigning a link
weight to each frequency slice of each link, according to
how close they are to an active sub-carrier of an existing
super-channel from the existing super-channels.
6. The method of claim 5, wherein selecting according to
how much overlap they have further comprises summing the
link weights along a respective one of the identified overlap
paths, to provide a path weight of that frequency slice of the
overlap path.
7. The method of claim 6, wherein selecting according to
how much overlap they have further comprises summing the
path weights for all the frequency slices of the potential
sub-carriers of a respective one of the overlap paths, to
provide a total weight, and wherein selecting the path for the
new super-channel from the identified overlap paths is
performed according to their total weights.
8. The method of claim 7, wherein assigning spectrum
comprises selecting potential sub-carriers according to their
path weights.
9. The method of claim 1, wherein the x sub-carriers have
contiguous frequencies.
10. The method of claim 1, wherein selecting the path
from the identified possible paths comprises selecting
according to how many different possible combinations of
sub-carriers each of the identified possible paths has.
11. A node for an optical communications network
capable of bandwidth variable wavelength switching, the
node having:
an interface to receive a traffic request of x sub-carriers of
a super-channel;

transponders and bandwidth variable wavelength selec-
tive switches to implement super-channels having sub-
carriers; and

a processor and a non-transitory computer-readable

medium storing instructions which, when executed by
the processor, cause the node to check whether there is
an existing super-channel having the same source and
destination as in the traffic request, and having suffi-
cient potential sub-carriers which are not currently
active, and for which link resources are available, for
the traffic request, and if so, to control the transponders
and bandwidth variable wavelength selective switches
to select and assign x of the potential sub-carriers for
the traffic request,

wherein the instructions, when executed by the processor,

further cause the node, if sufficient such potential
sub-carriers are not found, to identify possible paths for
a new super-channel having at least x sub-carriers for
the traffic request, and to select a path for the new
super-channel from the identified possible paths and to
assign X sub-carriers of the selected path for the traffic
request;

wherein identifying the possible paths for the new super-

channel comprises identifying possible non overlap-
ping paths having available link resources for x sub-
carriers and not overlapping in spectrum with potential
sub-carriers for other super-channels on any part of the
possible paths; and

wherein the instructions, when executed by the processor,

further cause the node, if no possible non overlapping
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paths are found, to identify overlap paths using spec-
trum overlapping with that of potential sub-carriers for
other super-channels, and wherein selecting the path
for the new super-channel comprises selecting from the
identified overlap paths.

12. The node of claim 11 configured to carry out routing
and spectrum assignment operation internally for the traffic
request.

13. The node of claim 11 configured to request from a
centralized routing and spectrum assignment server, to carry
out routing and spectrum assignment externally for the
traffic request.

14. A routing and spectrum assignment server for an
optical communications network capable of bandwidth vari-
able wavelength switching, the server having:

interfaces with nodes of the network having transponders

and bandwidth variable wavelength switches to receive
a traffic request of x sub-carriers of a super-channel,
and

a processor and a non-transitory computer-readable

medium storing instructions which, when executed by
the processor, cause the server to check whether there
is an existing super-channel having the same source
and destination as in the traffic request, and having
sufficient potential sub-carriers which are not currently
active, and for which link resources are available, for
the traffic request, and if so, to select and assign x of the
potential sub-carriers for the traffic request, and to
communicate the selection and assignment to one or
more of the nodes,

wherein the instructions, when executed by the processor,

further cause the serve, if sufficient such potential
sub-carriers are not found, to identify possible paths for
a new super-channel having at least x sub-carriers for
the traffic request, and to select a path for the new
super-channel from the identified possible paths and to
assign X sub-carriers of the selected path for the traffic
request, and to communicate the selection and assign-
ment to one or more of the nodes;

wherein identifying the possible paths for the new super-

channel comprises identifying possible non overlap-
ping paths having available link resources for x sub-
carriers and not overlapping in spectrum with potential
sub-carriers for other super-channels on any part of the
possible paths; and

wherein the instructions, when executed by the processor,

further cause the server, if no possible non overlapping
paths are found, to identify overlap paths using spec-
trum overlapping with that of potential sub-carriers for
other super-channels, and wherein selecting the path
for the new super-channel comprises selecting from the
identified overlap paths.

15. A non-transitory computer readable medium having
instructions stored therein, which when executed by a pro-
cessor cause the processor to perform operations of routing
and spectrum assignment for a traffic request of x sub-
carriers of a super-channel in an optical communications
network, the operations comprising:

checking whether there is an existing super-channel hav-

ing the same source and destination as in the traffic
request, and having sufficient potential sub-carriers for
the traffic request which are not currently active, and
for which link resources are available;

if so, selecting and assigning x of the potential sub-

carriers for the traffic request;
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otherwise, if sufficient such potential sub-carriers are not
found, then identifying possible paths for a new super-
channel having at least x sub-carriers for the traffic
request; and

selecting a path for the new super-channel from the

identified possible paths and assigning x sub-carriers of
the selected path for the traffic request;

wherein identifying the possible paths for the new super-

channel comprises identifying possible non overlap-
ping paths having available link resources for x sub-
carriers and not overlapping in spectrum with potential
sub-carriers for other super-channels on any part of the
possible paths; and

wherein if no possible non overlapping paths are found,

identifying overlap paths using spectrum overlapping
with that of potential sub-carriers for other super-
channels, and wherein selecting the path for the new
super-channel comprises selecting from the identified
overlap paths.

16. The non-transitory computer readable medium of
claim 15, wherein identifying the possible paths for the new
super-channel comprises identifying overlap paths using
spectrum overlapping with that of potential sub-carriers for
other super-channels, and selecting a path from the identified
overlap paths.

20

25

16



